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A. PÜHPOSEi 

1. To investigate the meohanism of Jot disintegration in ord»r*° 
derive nmthwootiool relations for oomputing droplet «iso« produced by 
lnseotiolde «pray equipment. 

B. FACTUAL Df.TAi 

2. The reaulta of an investigation regarding the effeot of droplet 
site on the kill rate of the lnaecta sprayed ia oontained in Memorandum 
Report Mo. MCHEXB-66^531, GS-USAT-Mright Patterson Ho. 127» «**•* 
31 May \9k$, 3ubJeoti    fiDi«««miiiation of Inaeotloldea".    from tnis inv«eti- 
gation it anpeere poaalble to predict the moat effeotire droplet site when 
oertain information la available regarding!     (l)    the lethal amount of 
inseotiolde per insectj (2)    the habits and physloal oharnoterlstio« of 
the ineeotai and (3)    the effeot of oertain meteorological condition«.    It 
»ma believed appropriate to supplement that information with data providing 
a baais for deeigning spray equipment capable of producing the moat effeotlTO 
also of droplets for any given set of oonditiona enumerated above.    Appendix 
"A" of thia report oontaina the reaults of a atudy whioh waa mad« to provide 
that date.    Theoretic* considerations regarding the phenomena whereby small 
dropleta are produced by Jet diaintegration are reviewed in that appendix 
and t««t results examined.    A theory about the meohanism« of Jet disintegration 
ia developed, and a prooodure is shown for calculating the originating droplet 
sites. 

3.    A liquid Jet leaving a nosile ia unstable,sinoe its surface oan 
be reduced by disintegrating Into small dropleta.    The disintegration la 
initiated by the formation of waves within th«. liquid colusm.    The volume 
included between two nodal points represent« the droplet «ise.    Thi« droplet 
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travel« with a eertaln velooity. If the surface tension of thia droplet 
it great enough to atand the ran pressure, thia droplet will amintain ita 
ahapa (if no eraporatlon it assumed) and the liquid jat will disintegrate 
into droplet« of uniform alga» If tha surfaoe tana ion of the droplet is ao 
awall that it cannot atand tha ran preeeure thia droplet will continuously 
ohe-ige it« ahape and by doing so disintegrate into aamller droplets of 
different slier ao that a droplet apeotrum results. The maximum droplet alia 
is the original droplet site. The minimum droplet alte apparently approaohea 
■oleoular dimension«« The font of the droplet spectrum depends on» tha ratio 
between original (aatzitnai) droplet tite and ttable droplet «ita. 

U. The caloulati-n of tha wave length can bo oarrled through on a pure 
thaoratleal basis if tha rotationally Symmetrie disturbance« of tha jat are 
tha aost influential a« is the oase for example for a liquid Jat in «till 
air, i.e., aolid injection by a «lapis round noiale. The wave length« 
oan be appropriately represented by a dittentlonlais characteristic ralue 

£l    representing tha ratio between Jet (nottla) oirounfaranoa and 

wave length« Tha  CL   ralue is nearly oonstant for aaaas where the 
-/opt 

Tlaoosity foroos of tha liquid ara tha most effective forces, i.e., for 
comparatively small velocities of tha Jat« In theae oases the droplet alaa 
is stable ao that the liquid Jat disintegrates into droplets of uniform alaa. 
Tha droplet diameter is approxlamtely 2.U times tha Jat diameter« 

5. Por higher Jet velocities the resulting original droplet aisa 
in moat oases will be unstable ao that a droplet tpeotrum raaulta« Tha 
maximum droplet of the spectrum is proportional to the Jet diameter and 
invertely proportional to the oubio root of tha oharaeterittie value  C,   , 

the alta of which depends on the liquid, tha eurroundlng medium, tha velooity, 
and tha jet diameter. The volume of the maximum droplet is proportional to 
tha capillary oonstant, proportional to tha square of the Jet diameter, 
inversely proportional to tha density of tha air and inversely proportional 
to tha square of tha jat velooity. 

6« Tha characteristics of tha spectrum aan be computed by applying tha 
laws of probability. 

7« By comparing tha calculated value« with available teat raault«, a 
good oonformity haa been found« 

0« It ie almost certain that the ditintegration taking plaoa in an 
ordinary oarburator, i.e., liquid jat velooity very «low and high air 
velooity, oan be calculated by tha relation« stated for solid injection. 

-*v- • 
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einoe for the ware length nnly the difference between liquid velocity and 
the velocity of th« e irroundinf medium 1» of   lnportano«.    So by taking «a 
▼eloelty tha diff«r«no« between air velocity   and liquid velocity, 
oorroot raaulta aho ld ba obtained«    Unfortunately, no proof oan ba (-Iran 
ainoa In th« available t«at reaulta the nocsle diameter has not b««n «tatad. 

9«    All th« abova statements oan b« tru« only aa long aa rotatlonally 
aymmetrlo diaturbaceaa of tha liquid J«t ara of th« noat importano« for 
th« diaintegration.      ith the kind of not'le aa used for spraying inaactioidaa 
from an airplane (straight disoharge typ« noul«) th« liquid jet 1« 
deflected about 90° dlr«otly after leaving th« nettle.    Thia banding 
rapraaanta a stronr singular dlaturbanoe of the Jet ao that the rotatlonally 
aynr.etrlo diaturbanoea are of little Influence for th« dielntegratlon.    It 
la v<-ry unlikely that the wave length reaulting from thla alngular dlaturbanoe 
oan be oaloulated on a pure theoretioal basis within a reaaonablo length 
of time.    Test raaulta ahow that tha maxinu.ii droplet site resulting fron 
the dielntegratlon of a jet after leaTinr a norsla under 'he above condition« 
is U to 8 tines analler than the naxlnun droplet alga 'ah ich would result 
fron rotatlonally sywiotrlo disturbances. 

C,     C^CL\'r\v,"t 

10. It Is very probable thet l y inarintln- a definite wave length 
on the jet by outer forces, for exa-nple by neohanloal Vibration of the 
nettle, t>ie liq >ld will disintegrate into a certain dronlot  alia if th« 
outer fores are strong enough to overcome the other foroea anting on the 
Jet.    So it nay bo possible to produce uniform droplet sites where normally 
a droplet apeotrun would result, provided that this droplet site is small 
enough to bo stable. ' ■ 

11. The most important value for oaloulating th« droplet site« 
resulting from the disintegration of a liquid jet is the wave length 
originating in the liquid Jet as a c nsequence of  its instability. 

1?«     In all oases where the rotatlonally aymmetrlo diaturbanoea are 
of minor influenoes, no exaot relations oould be stated as a consequence 
of the lack of detailed Information and the laoir of suitable test inollltl -s. 
Aooordlng to the available test results for oasea where the liquid jet ia 
deflected directly behind the rottie, the singular dlaturbanoe oet-sed by 
the bending is of major influence, resulting in smaller dropleta than 
produoed by rotatlonally aymmetrlo diaturbanoea. 

I 

I 
I: 
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Calculations About Droplet Sites Produced by Simple Spray .Hosiles 

I. IHTRODUCTIOl 

1«        It It a «»11 know faot that any liquid stream disintegrates into 
droplet« after leaving a nettle or orifice.     These droplets in sons oases 
are of uniform »lie,  in other oasss of different sites«    The die integration 
•an be oaused by many different influences, the details of whioh are Tory 
diffloult to follow and are not yet completely olarlfled in ourrent literature. 
Therefore, no relation for the produced droplet sire oould be found in the 
available literature exoept some approximation formula« whioh, however, 
unfortunately ere either dimensionally incorrect or unsatisfactory in results 
(R«f.  1,  ?,  3, U).    This seems to  indicate that the most decisive influence« 
governing the droplet slsss are not yet determined with sufficient aoouraoy 
•ran thoufh Innumerable tests and thaorotloal work has boon devoted to tho 
problem.    In this report an attempt is mad« to develop a theory about tho 
asehanisn of jet disintegration, and to state a prooedure for oaloulatlng 
the resulting droplet slsss* 

II. THiQR&TICAL OKSIT>imATI0MS 

1»      A general relation for the droplet else may be derived aocording 
to Prandtl (;lef.  5) by considering the behavior of the free surfaces of 
liquids.    The free surface of a liquid shows the tendency to reduce Itself 
a* much as possible.    That tendenoyosn be oxolained by asaunir.t   tost eaoh 
partiolo near to  the surfeoe is drawn to the  interior o:   the liquid by the 
attractive forces of Its neighbors*    Therefore, only as many particlss remain 
on the surface as are needed to inolose the fluid volume.    As a oonsequenoe, 
certain tensions ean be assumed to exist on the curved surfaoe of a liquid, 
similar to the tensions in an uniformly stretohed membrane«    This t«nslon is 
•ailed surfaoe tension or oapillary tension«    In plane surfaces these 
tensions do not exist and in this oase the liquid is in equilibrium.    However, 
for curved surfaoe■ these tensions produce a pressure within the liquid whioh 
exoeeds that of the surrounding atmosphere« 

2,      Considering a small reotangle on a curved surfaoe with ths sides 
dsj and dsg. Figure 1, the pressure difference pj - pp on the area dsidsg 
results in a foroe (pj ■ p?)ds^dsp.    The surfaoe tension causes two foroes 

Cdsi on the sides dsj and tno foroes Cdsg on the «ides dsg when C denotes 
the tension on the unit length (C • Capillary constant).    These foroes 
Cdsi  and Cds2 have components normal to the surf so« ^dsj-is^Rp and Cds^dsj/fi} 
(being dot    - dsi/xj and d&    - dso/Ro, Figure 1) where -t^ and H2 denote 
the radii«    For the equilibrium it followsi 

W 
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P, - P, - C (    1 
■fe-» 

Appendix A 

(1) 

For a sphere, Rj - H? and therefore! 

Pl-P2 (2) 

Equation 2 represents the relationship between droplet diameter, d,  aurfaoo 
tenalon (or Pi " Pg ) ■r-d oepillery constant,  C. 

3»      -Then e liquid sphara novas through the atmosphere it is «ell 
known that the ran pressure,    A ?• on tha frnt of the sphare Is proportional 
to tha square of the flight speed, v, and dlreotly proportional to the nass 
danaity of the air«    That 1st 

2* (3) 

It la obvious that for the oaae «here the ran proasure la higher then the 
aurfaee tenalon, the flying droplet oannot. withstand that pressure and «111 
be deformed.    Equilibrium «111 be eatabllahed «heni 

Ap - Pj-P, (U) 
Equation U  oan be regarded aa a oriterlon «hieh roverna the maximum possible 
stable droplet site.  Introducing aquation 2 and J into Equation U  reaults 
ins 

4t 
8cfi. gc 

IF (5) 

«hen, v, donotes the relative velooity between the droplet end the surrounding 
air. Table 1 shows the values of the oa:illary oonatant for several liquids 
agelnat elr of 295°* and 760 an :',- (Bef. 6); end Figure 2 represents 
Equation 5 for T ■ 295°K, and an atmospherio preeaure of 760 mm Pg. So 
Figure 2 showa the maximum possible dropl- t dlaneter w» ich oan exiat for 
various velocities in air at 295°K and 76O mm Hg. 

< 
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Liquid C(k£/k) 

Qseollne 2.1 10"3 

TTater 6.« 10*5 

Ethyl aloohol 2.1* io"3 

Die eel fuel No. I 2.7 lö"3 

Dieael fuel No. II 2.8 10"3 

Lubricating oil 5.1 lo'3 

Appendix A 

Table 1 

Um      Equation 5 «hor« that d,^ dependa mainly on tha capillary oonatant 
and on tha relative velooity, v.    It oan be mr»d that, v, la either tha 
velocity of the liquid Jet and tha aurroundlng air la at reet or that, v, 
la tha ralooity of the air and tha liquid ia at rest.    A typical example of 
.let diaintegration produoed by liquid in motion and air at raat la tha 
ordinary aolld injection uaad in connection with Diesel engines.    A typical 
example of .jet dia interaction produoed by high velocity air ia contact with 
a liquid at raat la the ordinary carburetor uaed in oonneotlon with internal 
oombuation engines.    It may be mentioned that for aolld injeotlon, very 
high liquid pre«eurea are required.    The relation between liquid velocity 
and preaaure ia given by the relation! 

fHF- .] 2 Al 
(6) 

0L denoting the apecifle weight of the liquid«    In Figure 2 the corres- 
ponding pressures,    A p. for different llquida, aa given by Equation 6, 
are plotted on the velooity scale.    Table ? ahowa the value* of the aneolflo 
weight for eeveral llquida (T - 295°*). 

I 

Liquid ia*»] 
Oasollne 700 

Water 1000 

Sthyl alcohol 71*0 

Dieael fuel «50 

Lubrloating oil 030 

Table 2 
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Appendix A 

5.      By lnw.tle.ting th. ph.no.on. aooo.paiiylng th. " »**«£"•"* 
.olld Injootlon.  It I. poi.ibl. to urrl« .t «cm. oluo. .bout th. Influwoo. 
eoT.rnln8 th. droplot .1....  bo.lde. th. rf»«11*** Ät2P2^-«S»U» 
Sho« by Lord Bal.lgh (Hof. 7). ■ oyllndrioal 00I-« of ^"JjT^lS 
un.tabl« .. . oon.oquono. of th.  .urf.o. *"«lwl«/taoVUi •S2rloml   1«t 
r.duo.d by dl.lnt.gr.tlng Into droplet..    Tho .urf.o. of • oyllndrlool ja* 

lai 

dj . L 
(7) 

*,«   L     d.not.. It. longth und dj th. Jot dla««tor.    Tho TOIUBO i.i 

2   T 
V«  •      T» dj    Li 

J    ■ ■ if  
(8) 

If thl. TOIUBO dl.lnt.gmto. Into dropl.t.. th. «urf.o. of th. droplot. 
booomo.i 

JÜL L    d2< (9) 

2d, 

and th. ratio b.tu.«n th. Jot «urf.o. «nd th. .urf.o. of tho droplot l.i 

Sd 

■ "d 
TTTd-j 

( 1 *r (10) 

1...    for . Jot of lnflnlto l.ngth ( L   - «*»    ) tho .urf.o. of th. Jot It  
l;.:Ur than th. .urf.o. of tho droplet..  If th. dropl.t «•£» *• JJ*»" 
Kj d„ for «, - L    th. .urf.o. of th. J.t 1. groator *m+• ~t— 
It th. dVoJlot. lfJths dropl.t dlon.fr 1. gro.fr th.n th. Jot «*"•*•' 
InA for d/> L th« .urf.o. of tt>« Jot  1. groator. OT«n If th« droplot 

/.°t.r\ miU* th« th. Jit dU-«t.r.    Th. tr.n.ltlon to th. dl.lntogr.tlon 
i. lnduo.d by th. foot thot  lrr.gul.ritl.. of th. oolunn ooour.  f •*»•* 
öl tho no„l. it.«lf or outor foro...    Th. «urf.o. ton.lon o.uoo« th« pro..uro 
in.id. th. thinnor roglon to booo.« highor thon in.ide th« wid«r «■•6*« 
(o"«p.ro  Equation 1)   -o tnnt tho liquid oont.nt 1. forood into tho thiokor 
«oooo. of th« oolum.    So th« thinn.r r.glon 0.00m.. thinner .nd thinn.r. 
.nd finally th« oolum di.int.gr.f • into dropl.t..    It .uf g..t« lt..ir 
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that th« dropl«t diameter oen be ealeulated If the volume enoloaed between 
two thinner rerlone (nodal point«) 1B known,  i.o.(  If th« wave length within 
tho liquid ooluan 1« known.    A theoretical Investigation for th« VETO length 
1« «ad« by C. ««bar (R«f. 8), and 1« reviewed In tha followinr paragraph« 

6.      Investigated 1« a cylindrical liquid ooluan of Infinit« length 
without considering the attractive ferae of the earth»    If the «urfeoe 
of aaoh a column «haw« a «light deviation,   0   , fro» It« originally cylindrical 
•hap«. Figure 3, the «hol« ooluan will be disturbed by mavelik« not Ion« 
whloh oauN the liquid ooluan to disintegrate«    Satabliahlnr th« equation 
for tho aqullibrlua of the ooluan for th« «DOT« condition« by applying tha 
NarloffeStofctwaquatlon« yield« a differential «quatlon whloh ean be solved 
by a««ualng a certain funotlon for the deviation aai 

nh«n   ^ 

S ** «».  £  -L. 

denote« th«.ratio between jet olrouafcrano« and ware length, 

e.      2T a *» n 

(11) 

(12) 

a, danotea th« radius of th« jot whloh oan b« aiauacd proportional to tha 
no til o radlu«, d|, •    Th« value, x.  In Equation 11 danotea the «oordlnate 

* t 
In the direction of the Jet axis and     o  • a funotlon of r, which auat 
b« «qual to      &•, for r ■ a, if   £   * repreaent« a oharaot«rl«tio value 
for the average deviation, Fifur* 3*    It haa been «hown that only the 
rotationally symmetrio dlsturbanooa are deolalvo for the disintegration. 
I.e.,   £    1« lnd«pendent of   y     («ee Fig. 3)«  ** ae »trong unsyaaietrloal 
outer foroe« are aotlng on the jet. I.e., for a liquid ooluian In «till air« 
An approximate solution of th« above <*lfferer.tial «quatlon iai 

•   c- (i- £,*)     t? 7T7 (13) 

whereby u, represent« a oharaoterlatl« valu« for th« dl«int«gratlon time 

/*• (Ü*) 

Equation 13 «how« that th«r« i« a definite relation between the oharaotarlatio 
value, d?   , representing the wave length, and the ^Lvalue, representing the 
dlalntagratlon time. Figure lu    It la pointed out by C. Weber that only thoae 
wave lengths th«yttralu« of whloh la the maximum are deolalvo for the 
dlaIntegration«    The«« value« may b« denotsd with th« «ubsorlpt "opt".    80 it 
finally resulta that    £^     t repre««nt« a relation for the wave length 
determining the droplet «is«.    Thl« value can be oaloulated from Equation 13 
by applying wall known matheaatioal tranaformatlona« 
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Equation 13 ean ba true only If tha surface tension is the aoat influential 
fsotor governing the wave lenrth.    For viscous liquid« the viscosity must 
also bo taken into aooount.    For this oase equation 1? ean be written in the 
font 

a-i2£ 

which  rosulti lnt 

Lot,t * 

and 1 

(iEr .'Silo 

K*(*-£^*(4?4Y •ft«" 
(15) 

-I 

(16) 

-OS 

(17) 

For the oase where aerodynamic foroes hare to ba oonsidered (higher Jet 
valooitles) tha relation between, jt,  and, £ , takes the form 

In Equation 18, f 0 ( ^ ) denotes a Bessal-funotion as represented in 
Figure 5«  8« *abar points out thet above oertaln valooitles a wave formation 
as shown in Figure 6 oan exist for whioh tha relation reads1 

(18) 

♦   /4. 

■    »J T 3 - =■ ■+A4 J 

(19) 

In Equation 19, fj ( £   ) denotes anothor Bessel-funotion also as represented 
in Fi.-ure r>.    It must bo mantinnod that Rnuati-n« 18 and 19 oan ba true only 
as leaf as tha air oan be regarded as inoonpressibl«,  i.a., as lone as, v, 
is considerably analler than the Telocity of sound.    The velooity above 

10 
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*hioh the waye formation as ahown In Flrure 6 oar. exist la glren byi 

'nrie (20) 

■lnoa tha right part of Equation 19 mutt ba at least lero. 
Fron the abora  relations tha disintegration lanrth oan he oaloulated al noai 

1-    * 
(a) 

7,      It has been ihmm by A* Haenlein (Ref. 9) that the relationships 
•a stated by C. Weber give an approximately true picture of the main 
lnfluenoes governing the disintegration of a liquid jet»    A. Haenlein «as 
■ttetly oonoerned with the dl aIntegration tlaa and the di•integration length 
of a liquid jet at relatively small velocities and states that in many oaaea 
the values aa oaloulated by C. Weber agree with the ▼■lues as found by 
tests,  and that in aoae other oasea, however, no arreement eould be found« 

8«      Mth the considerations aa represented in paragraph 6,  the vol 
ef a droplet beeomea: 

V» i x (») 

By using Equation 12,  the relation for tha droplet diameter baeomaai 

9,      For oaloulating the droplet sites tha values     tZ     . smat be 
- tm •'-»opt 

derived froa Equation 18.      S, opt is the      Rvalue for which the maximum 
AL value results.    Equation 18 oan be written in the formt 

(23) 

(aU) 

rL
e 

11 
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■nd aolr.d for, fk, ro.ultlng lnt 

App«dlx A 

A-^C-te *MS»** E4^ «*«*« 
Fro« Eou.ti« 25 th. »»lau. of, A o«, bo found by diffor.nti.tin«. 
Thl, yloid. th« equation for the vuluo. £    ^ioh „•<„ 

(26) 

withi 
■a * 4 *c3 

«Sy 

sr;a P 
^ca_xn/ M^[ 

■   i^»Ä*      ,oVS1 * "?r~* 7T~ 

*> flfl 
*-8 «r.'a 

The «not .olution of thl. .qu.tion 1. not po..lbl. In .n «plioit form. 
!!owor.r    th. «loul.tion. «ho* that in «ny 0..o. th. lnfluone. of tho 
Tisoo.lty 1. wry «.11. ..p.ol.lly .t high.r voloolti...  m> that th. ..oond 
t.r« on th. loft aid. In Equation 18 can b. ooitt.d.    Th« th. diff.r.ntl»tod 

I £. 
it. 

Ca 4 Cc i 
i a. 

1 

1 

]~h •v C- ■*. 
fe' + 

■ 
(27) 

1? 
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In Equation 27 the walue,  gg, represents f0(<-C   ), and oan be considered 
constant and equal to one at higher Jet relooities (aaa Fig. 5).    irom 
Equation 27 It follows for    ^opt» 

4 
- 0 (28) 

Equation 28 ia an irreducible oase,  and oannot bo solred by Cardan's formula, 
but must ba solrod with trigonoaetrlo functions.    This j iron 

CO«, y VW+ (29) 

(30) 

■ 

I 

coa a ■ 
47 V     »Co      " J        *    6 \      «»C« / 

♦ t»r 

IV     *C9 4   l       »Co,      j     + V      VCq       '    *        ' 
I       7 SO ,fcl ,oö ^I6 

(31) 

(32) 

So it results that Equation 28 oannot ba solrod in an axpliolt form. Only 
for the oasa § 0 t ^ 1, u axpliolt« approximate solution roaulta 
sinoe then Equation 18 ean be written in the formt 

I 

f tn>£. - tfC9 
Mk* rL' 

(33) 

13 
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'iffsreptistinr Equation 33,  ■ giress 

•5 
and for   £ opti 

'♦TL* n 
VK    fry* ^» C9        ] 

« 

£- «fCg 

Appendix A 

(3U 

(35) 

Reducing equation 35 by Cardan'« substituiom 

f.v a Z.e (36) 

y < TAV a g« 
»c9 

(37) 

^ *fCq '*^ (3*) 

In Kquatlon 38 tha tera 

Z • Wa 
(39) 

represents a dlaensionlees oharactoristlo Talue for the disintegration of 
liquid jet et high velocities. 

10«    For oaloulatinr the nave len; th  in the osse of nave formation 
acoording to Hrure 6,  Equation 19 must be developed for    ä^     •,     lor an 
exaot solution, liquation 19 must be «ritten in the fora of an equation of 
the third degree resulting in: 

}& * fJ?k  ♦ /»B  -  C - 0 <J*0) 

1U 

TTT T—n—r 
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73 ?*(-S**5-fr) 

HVlW^I 
c • - 7^- (^ +f) 

LlrSS^SSri! T aS?ly1^ C•rdaa,• ««».tltutlon, .n .qu.tion ef 

STutÄ'Srsa KSÄ2 app:r: äurtifi- ■- ~L*J£ 

Dtff.fnti.tlnr Equation 10. it „„it. for   £ 

(/a) 

»?Vfiz'v* 

= 0 

(U2) 

H«& «ÄV5Ä ^SSS lr flKü 8* Iqu'tlo,l * ■> - 

»1 
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Differentiating Equation hi gives,   S 

£. 
*c3 

Opt 

Appendix A 

<W») 

11*    It must bo mentioned that by «BY« fomtlon aoeordlng to Fifure 6, 
no definite statement «bout the droplet site oan bo made ilnoe  it  is not 
possible to prodlot In which place« th« liquid oolumn «111 break off«    Ihie 
■oat probably will happen at point« with a dlatanoo of     A /2, for «hioh 
oaae the droplet diameter will beoonwi 

«> 
*i ir 
TT& 

(U5) 

but night aa wall haopan at other point« at influenced by outer foroea on 
th« liquid ooli 

12.    From th« oonalderationa •• r«pr«aent«d in paragrapha 9 and 11, 
a definite  statement about th« droplet «ire oan be made only up to • oertaln 
Unit a a determined by Equation 20, i.e.,  aa long aa th« Teloolty doea not 
exceed « oertain value.     Below thl« Halt,  Equation 38 in oonneotion «1th 
Equation 23 oan be ua«d for determining th« drool et ait« resulting fron th« 
die integration of • jet at medium velooitle« and Equation 17 in oonneotion 
with Equation 23 for small velooltlea.    For lntermedlat« velocities. 
Equation 38 doea not giro exaot value« aa a oona«qu«noo of th« aimpllfioation 
involved in th« derivation of th« equation.    In those oaae«,  the original 
Equation 18 (or the elirhtly simplified Equation 28) ehould be used.    Kifuro 7 
ahowa th« difference of the values obtained with the above aquations, 
indicating that the exaot Equation 18 has to b« applied only within a 
relatively aasll range.    So for higher Jet velocities a direst relation for 
th« droplet alte oan be stated by lntroduolng Equation Jfl into Equation 23, 
«hioh 'ives1 

(U6) 

For snail TSlooitiss. Equation 17 oan bs simplified, slnos ths term under 
ths root in that equation ia of little influenoe to the result,  so that for 
thia oas« th« rela tion for the droplet diameter readai 

ld.S.<»d- (1*7) 
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Figur« 8 shows a graphloal representation of Squationa I46 and U7, froa whloh 
th« droplet diameter «OB be found as a fmotion of the jot dUsttir, d 
(in tho noit MHi equal to th« noicle diameter, dg) and tho velocity, v, 
for Dlaul OH Ho. 1 In air of 295°K and 760 an Hg. Similar diagrams ana 
be plotted for any othar oonditioaa by applying tha abov« relations. 

13.    Equation 5 rapraaanta th« ralatlon for th« anziaua poaalbl« stable 
droplet alt«.    ObTioualy for th« eaa« that th« droplet dlaa«t«r beeomes 
gr«at«r (according to Flg. 8) than indioat«d by Equation 5, tho originating 
droplet oannot ba atabl« and «All b« deformed.    Thia d«foraatlon oooura in a 
forn aa indio«t«d in Figur« 9»    Th« droplot mill b« d«nt«d and lingaaenta 
will b« formed whloh trarel along, eontlnuoualy «hanging its ahap«.    Aa 
outer forcea are actin,   on those lingaaenta, they «ill diaintegrat« into 
«mailer jarta ao that finally a variety of droplet aiiee, a droplet speotrum, 
will reault.    However,  IOM llngementa «ill travel along undiaturb«d being 
prot«ot«d froa th« ««rodynamio foro«a by oth«r llngaaanta ao that aoaa droplota 
«ill h«T« th« original ait«.    It oan b« pr«diat«d that in eaaaa where tha 
velocity la greater than given by Equation 5# a droplet apeetrua «111 
result,the maximum droplet diameter of which «an be oaloulated aaoordlng to 
Equation U6 and repreaented in Figure 8.    The theoretical limit for 
stability la indleated by a thin solid line denoted by th« nunber one. (V^/V^» |} 

lU.    Caloulationa about the droplet apeetrua oan be performed by 
applying the laws of probability.    The rate of probability, F,  la the ratio 
of the favorable oaaea, f, to poaslble eases, p. 

F-X. 
P 

(1*) 

The nunber of favorable eaaes and poaslble eaaes oan be oaloulated by 
Qonalderlng the poaslble combinations. Thia may ba demonstrated by an 
example. The aaxiaum droplet may have the volume, VBBJt. In many oases, 
as desorlbed in th« foregoing paragraph, this droplet dlaaeter is unstable 
slnos the surfaoe tension oannot withstand the raa pressure. So the droplet 
will disintegrate. It may be assumed that the stable droplet diameter for 
the prevailing oondltions has a volume of ▼BBXA.  So th« maximum number 
into whloh th« droplet probably will diaintegrat« is four and th« original 
droplet diameter with th« volume, T—. nay be thought of as oonsisting of 
four units, «aoh having the sis«, V^y/u. Row it aay b« oonaidered how 
many combinations oan ba foraed by a droplet of th« sis« Vmsx having a 
tendency to disintegrate into four equal parts. By oaloulating the poaaible 

17 
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ooablnatione It haa to be kept In mind that there is no inevitable neoeaalty 
to dialntegrate alweye Jurt into four dropleta, ainoe the original droplet 
■ay be protected in aoae eaaea by other dropleta in auoh a manner that it 
die integrates into three or two droplata or doea not dialntegrate at all« 
If the droplet dialntegrataa into two dropleta the oomblnationa aa Hated 
in Tabla 3 *re ooaaible. If the droplet dialntegrataa into three dropleta 
tha oomblnationa aa Hated in Table h ere poaalble. 

Firat Proplat 

1 unit 

2 unita 

3 unit« 

Seoond Droplet 

3 unit« 

2 unlta 

1 unit 

Table 3 

Firat Droplet Seoond Droplet Third Droplet 

1 unit 1 unit 2 unlta 

1 mit 2 unita 1 unit 

2 unit» 1 unit 1 unit 

Table h 

If the droplet dialntegrataa into four droplata, four droplata reault eaoh 
having the alte of one unit and for the oaae that tha droplet doea not 
dialntegrate, one droplot of the alia of four unita results. By summarising 
all theae oombinationa it reaulta that thare ia only one favomble oaae 
that one droplet raaulta the alte of which than la four unita, i.e., the 
original alae. Two favorable oaae« for dropleta of the alte three unita, 
fire favorable oaaaa for dropleta of two unlta and twelve favorable eaaea 
for dropleta ooneletinp of one unit oan bo found, Summarising all the 
favorable oaaea ono obtalna the number of poaalble oaaea. I.e., 1 * 2  » 5 
♦ 12 ■ 80. So, aooordlnp to Equation 1*8, the rate of probability that 
dropleta of the alae one unit will be formed ia 12/20 • .60, i.e., 60£ of the 
diST reed amount la converted into dropleta of the else one unit. The rate 
of probability thet dropleta of the alto two or less u.r>it-3 will be 
formed ia 12 » 5   " .^5. i.e., S5.I of the total dieperaad volume ia 

20 
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12 * *> ♦ 2 converted into droplets of the sise two or lost unit« an* - ■ • xg 
■ «95» i.••, 95% Into droplets of the sixe thro« or Ion wait» and 
A?,t,.,|^,,,,t. ?., !_   . 100# into droplets of th« »it« four -r !«■■ mit«. 
Instead of t«nu of unit voluaeft the above figures oan be written In terms 
of droplet diameter, «ine« d - -2J - .      » and on» unit • rmx/k -.. f   const» ¥   . 
" »63 "Wx» 2 unlta '" ^majA " »795 <Wx. fw» "»it» - ^jmj/h - .91 
d_^ and four unit« » T^ ■ *»«• 8s» th* ***P1#t ■pectrum oan b» represented 
by a diagram «boning droplet »ii» in terms of maximum droplet diameter a» 
a function of the quantity converted into droplets having tha indicated 
or a «mailer diameter. Figure 10» 

i 

15» It must be mentioned that the «table droplet diameter i« not th« 
smallast possible droplet diameter as would follow from the consideration« 
presented in paragraph lit« 1« paragraph 6 it ha* been «hewn that a variety 
of wave lengths can exist, of which the wave length a« represented by £^0pt 
is of the strongest influenoe determining the maximum droplet size. How- 
ever, that doe« not mean that the smaller wave lengths disappear completely, 
only their influenoe is of smaller degree« Especially on th« outer surface 
of the liquid oolumn these smaller wave lengths can produce some droplet« 
the «is« of which is even «mailer than the «table droplet else« Further» 
more, vibration» not produced by the instability of the liquid oolumn it»elf 
but from outer foroe» and disturbance« In the notsle itself may produce 
very small droplets the smallest of whioh may even approach molecular 
dimensions. It will be assumed that th« percentage of volume oonverted 
into these small droplet« (waller than stable site) decrease« with 
decreasing droplet diameter« and that the function between velum« converted 
and droplet «it« for droplet« below «table else probably will «how a tendency 
reciprocal to the tendency derived for droplet sires above stable sise 
(ROC paragraph lU) as indicated by a dotted line in Figure 10. In some 
eases the droplet spectrum is represented by * diagram showing the number 
of droplet«, Z , a« a function of the droplet diameter. This kind of 
spectrum oan be calculated from Figur« 10 by converting the ordlnate of 
Figure 10 into number of droplets by using» 

2, * ttVolu—  « const. (1*9) 

aj 

j 

With this relation it will be found that the maximum number of droplets of 
one sise results for droplet sixes below stable sis«« A further investi- 
gation of the value,  2L „,,, »ay be omitted since tiiii value probably is 

of little significance for the consideration of spray equipment sinoe very 
small droplet« have little chance to settle on the ground because of the 
vertical convection in the air« 

19 
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16.    The oonalderationa a« presented la paragraph llj oan be applied 
for any value of tho ratio, vmaxAttable*    Th# ealoulatlona «how that tho 
nnbir of oases are represented by a tequeneei 

1    ?    5    1?   »    61,   UJ,   J20    697    1518 

ao that, for example, for tho oaao that tho original droplet dlalntogratea 
into eight pleoea tho value* are aa roproaontod in Table 5.    It follows 
that different droplet spectra result, depending on the ratio, 'mj/^gtable 
or ("^jj/'gtable^ •    ***** rmtio •1#0 °*n b# roproaontod approximately byi 

'•table 
<«,  
"stable 

0.216 X2 
(50) 

aooordlng to equation I46 and 5 (aee Fig. 8).    It auat be mentioned that the 
different droplet speotra probably are not directly proportional to the 
eharaeteristio value, <*r*j/(,Btable • *n(1 thl" T*lu« K111 hrT« *° be multiplied 
by a faotor whloh la analler than one and deoreaaes with lnoreaaing velooitiea, 
slnoe in determining the stable droplet alia the velocity prevailing at the 
originating polnta of tho atable droplets haa to be considered,  i.e., a 
velocity at a location behind the disintegration of the jet.    This veloolty 
is smallsr than the initial veloolty of the Jat and is not known axaotly. 

Site of Unit lumber of  Cates Volume Peroentages «/«u, 
V* 320 

*   "-555 .5 

2A m J|j||fc.   . .805 .61* 

a* 6k 
mäjtt*      ' .916 .722 

It* 28 .965 .795 

5/J 12 .985 .855 

(A 5 .99U .91 

7/* t .999 .96 

S/S  1_ 1.0 1.0 

576 

Table 5 

<s 
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17»    It mutt b« Mentioned that the relooity, T,  1B all the aboTe 
equation« denotea th« actual jet Telocity (or relative velooity) at th« 
originating point« «f th« droplet*.    Thl« relooity In «on« oa««« night b« 
Tory «IOM to th« «nit relooity, o, fron tho not«lei  in nany other ea««c 
night differ ooneiderably fron th« «sit relooity a« a oonaequenoe of th« 
lotaea.    For calculating th«a« lo*tea,  it night be attuned that th« 
relation« ralid for th« r««i«tano« of global«« ««n b« applied« alno« th« 
j«t «tarte it« war« fomation directly behind th« noaale,  to that th« ahapo 
of the jet it «ore «lallar to a aequenoe of globulet than to a cylinder. 
Th« air r«elatan«« of a globule In 

DA 

T5~ 
(51) 

When D denote« a drag ooefflolent dependent on the Reynold« Iunb«r and A 
the projected area of the globule. The deoeleration of the droolet in 

b ■ (5« 

«hen, m, denotea the naa« of the globul«, Introdueing Equation 51 Into 
Equation 5?» it follow« for th« deceleration. 

2 

b - 
0.75 tv' i; 

(53) 

Th« actual relooity of the globule lai 

^ ■ C2 - 2bL (5U) 
When, L, denotea the dietan«« from th« notile whioh la the following «an 
be «ubetltuted by th« di«integration length, 1 . Introdueing Equation 53 
into Equation 5i+, it retultt for the oorreotlon faotort 

i 

M-F JSP yAl 
(55) 

for the di«integration length, 1 , and droplet diameter, dj, in oaee of 
■nail j«t T«looltle«, Equation« 21, lU, 16 and 51 «an bo introduced Into 
Equation 5^, roaulting im 

im a/<J\ D f  0.615" (fi?**-> (56) 
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For high Jftfj Yelcoitle. It re.ult. by Introducing äiuetion. 21, 11*. 33. 
38 and 1*6 into Equation 55. 

J-f* 5 */rt ttj I.»H" (57) 
1166 ft" 

In aquation. 56 and 57. *n°/<S     . U • '«*or «"• *"*•»•{ of which 1« 
not JSrSo^n. Ttowiior. ao- olna. about it. probable weluo oan b. 
obtalnad by applying Equation 10,  ainoo thia aquation giro, a WWW 
rSaUon for KonJl-u. po.-ibla di.integration langth.    Equation 10 oan 
bo written in th* forsi 

3Xdj 
= 1 (58) 

when   X     denote, tha ratio of jet .urf.o. to droplete .urfaoe. 
to tha oon.idoration repre.ented in Uliy^> *•/*** * 
Creator than   1     or at laaat bo  1     .    Introducing Bquation. 1*7. a. 
lit and 16 into Equation 58, it followai 

Aooordlng 
mutt bo 

Ai IP 
1 

(,a,x-a)v((5S+^-) 
(59) 

Equation^, ralid for a jet with low y-looiti...    For a jet with high 
Tolooitlo. it ra.ult. by introducing Equation 1*6, 21, 11*. 33 *"« ^« 

(60) 

Equation 59 indioat.a that   X _ baa to   bo groeter than 1.62 in order to 
riwo no.ltlT. ralue. of An«/**    and that than   tm «Vj*    la inTor.aly 
proportional to tha Jot Telocity.    Fro« Equation 60 no definite .tet.nant 
about the .lie of th. faotor   X     canto nade .inoe in the »oat oa.e. where 
Equation flS 1. appUoall. the ralu. *{F     i. *r.at.r than 1.6.    Introduo ng 
Kquatlona 59 and 60 reapeotlwely into Equationa 56 and 57 reepeotiTely,  it 
re.ult. for th. oorreotion faotori 

^        !        TLl 

0.615 (61) 
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Talid for small Jet Telocitles,  end 

Appendix A 

,-f Ä o 6as- TT" 
rL ('«x^fr-a) (6?) 

TelId for high jet velocities.    So it results that the oorreotlon feotor 
It proportional to the density of the air and Inversely proportional to 
the density of the liquid.    That swans that the differanoa between the 
velocity in tht not tie end the Telocity at the originating points of the 
droplets lnoreeses with increasing air densities end deereasing liquid 
densities.    As e oonsequenoe of the losses, furthermore, the limit bat—en 
disintegration into uniform droplet sites and disintegrations into a variety 
of droplets is at higher velocities as Indicated in Figure 8, if for the 
velocity the exit Telocity from the notsle is taken«    In addition, the 
oharaoterittio Talus, V   "/, it affooted by the losses if the Telooity 

» •stable 
is referred to the exit Telocity, i.e., the values.  V      / will be 

max/v 
lower than lndioated in Figure 8. 

III. TB8T RESULTS 

vstabl< 

1. Sons text results about droplet sites and droplet speotrum 
originating by disintegrating liquid  lets (solid injeotion) sre published 
by D. K.  Lee and R.  C.  Speneer (Ref. 6).    Table 6 represents the obtained 
maximum droplet sites end Figure 11 some of the droplet spectra.     The 
nottles ware simpls round orifices. 

2. For solid injeotion some photographic studies wars performsd on a 
liquid jet discharged through a simple round orifloe with different Tolooities, 
Figure 12.    These picture« show that at low Telocitles    ( Ap < *Op*0 
uniform droplsts originate, the diamster of which i« about 2-1/2 times the 
jet diameter and that at higher velocities ( &p>30p,i) a Tariety of droplet 
sises originate« 

3. F. M.  Soheubel (Ref. 3) published test results oonosming droplet 
sites and droplet speotrum originating by the disintegration of e liquid 
Jet discharged with Tory low Telooity, into an airatreem of Tsry high Telooity, 
Figure 13.    unfortunately, the nosrle diameter has not been etated. 

>. 

25 



Vaaorandua Kaport No. MSRKXiU66^531B 
OB-üSAF-^rlnht Pattaraon Wo. 179 
29 Auguot 19i£ Appendix A 

(V*) (-) ( 

No. ¥ *M 

1 119 2JQ0T1* 2. 

2 107 B 

3 89 • 

U 76 

5 53 " 

6 

7 

236 

2U0 5.1X10-^ 

10 

11 

12 

101 

2h0 

«9 

9U 

78 

(fccA) 

7Ü0 -3 

2.8X10-3 

2X10-**        2.Uaor3 
kaaB 

2.1X10-3 

6.3X10-3 

(kg/»3) 

850 

7U0 

700 

1000 

(kgaac/m«) 

2.20X10" 

<*> 

-♦ 10.20X10 

11.5X10-4 

1*2X10-6 

103X10-6 

1.15 

13.8 

15 

I3.6 

15 

1.15 

to 

124 

12U 

178 

178 

230 

76 

m 
102 

127 

127 

276 

Tabla 6 

Um      The noiile typo used for dispersing lnaaotieido from slr.lr.ai 
ii »ho« In Ki.-ura lU (■tralrht *lsoharga nossle).     In thin notsle the liquid 
ie ditoharged perpendioulnr to an high velocity alntreaa.    Tha airttraaa 
defloots the liquid tharain for about 90°.    Teet rerjltt   *lth this notilo 
typo are represented in Table 7 and figure 13* 
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No. 
("»/*«} 

V dM c 
(*Sl"»*) (Ml-1) *■"!#* * 

«T         v. 
1 90 6.36X10-3 2.ÄX10-? Ä50 1020XL0-6 1.15 325 

2 90 2.5UXW-2 n ■ * 1460 

3 90 5. 03X10-2 N n H 810 

Table 7 

i 5.  The droplet sites in oil the «bore teat results were determined 
by allowing the droplots to settle on glass slides covered with magnesium 
oxyde. The droplets evaporate on these slides and leave narks.  By measur- 
ing these marks under a microscope the droplet size oan be found* The 
edges of these marks are not in all oases very distinguished, so that the 
obtained values are more or less arbitrary» This is shown by the faot that 
different institutions evaluating test slides Bprayed in the same test 
report maximum droplet sizes whioh differ up to IPO jf, (Kef, 10). 

IV.  COMPARISON BETWEEN TEST RESULTS AND CALCULATED VALUES 

1.  Figure 16 shows the comparison between the test values from 
Table 6 and the values calculated aooording to Equation 1*6, if for the 
velooity, v, the exit velooity, o, is taken. This figure shows that in 
all but four cases the test results are greater than the calculated value« 
as it was to be expected aooording to the considerations represented in 
paragraph 16, This difference gives the chance to compute the size of the 
drag-coefficient, D, From Equation l»6 it follows« 

( ^measured )• 
2 (63) 

■^calculated 

and, therefore, by introducing Equations 55 and 62: 

06£S *{Z   fo 

(64) 

result■* 
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Introducing tho rtluei fron Figur« 16 into Bquation 60 for the drag ooaffioiant 
values between 5J4 and 1&8 raault (aTaraga value D • 19?) for      K  - 1.    Tha 
Raynolde number« In tha above oaeas are between 700 and 9000.    Aooordlng to 
tho aerodynamlo theory for the above Reynolds number«, values between 0.U 
and 0.5 were to be expected.    For t hi a difference several f» store are 
responsible.    From Equation 60 for W> *Yo"1J      under the prevailing oonditlona, 
valuea rtry close to soro result. Indicating that the average deviation 

<5*    of the jet fro« its oylindrioal shape ie about equal to the Jet 
radius, a.    In addition,  the value       £T far tho prevailing oonditlona 

ia ooneiderably creator than 1 (between 10 and 5000,   see Equations 38 and 
59), indicating that tho wave length   A.     is auch smaller than the Jet 
diameter (3 to 1000 times,  so« Equation 12),    Therefor«, the outer ahap« 
of the liquid column la sharply deviated.    It 1« not unlikely that the 
drag ooeffloient of euch a sharply dented ooluan is bigger than the drag 
coefficient of • jrlobule.     Kurt>iarmors, for tlie velocity,  c,  it« theoretical 
value «a aooordin£ to Bquation 6 haa been'taken, also« for the cited tests 
only the pressure dirferenoe was known*    th« ooeffloient of diacharg* 
representing th« dif ferenoe between the actual «Kit velooity and th« 
theoretical value depends mainly on the kind of or if low «ad typ«*'of, stem 
used for the test,  which valu««,  unfortunately, war« not pre •antes' in the 
reports oited.    They vary between        . ■", . ..       - 0«9U to 0*5 (R*f • 11)* 

Co 
Finally, it aust not bo overlooked that th« procedure of aaaouring droplet 
sis«* Is not very «x«ot as aentloned in paragraph 111.5 . 

2.      Coaparing  aome measured (solid lines in Fig« TJ) droplet spectra. 
Figure 17, with tho calculated speotra (-Jotted* line, la Fig» 17), it results 
that th« tendencies of th« calculated and ■mcsurmd* speotra are In fair 
a reement.    However, th« characteristic value« ^3/»«tabl« of. th« aaa«ur«d 
spectra are much lower than those resulting from Figur*« 8*    This again is a 
oonaaquano« of tho loss«« since tha Jet velocity doorcase« considerably 
with inoroaaing distance« (see also Sef. 12).   Therefore, the stable droplet 
sit« and tha value v

ftable inor9»«* and the value Vnaj/^stabl» b«o-omee 
lower than lndioated in Figure 8.    In Refareno« 6 it 1« shown that In dlstano«« 
of 7*5  inches from th« nosglea still ligament« can be found*    From Reference 12 
it results that in air of atmospheric density tha jet velocity in a diatano« 
of 7.5 lnoha« from the nossle ia about 0,99 ca.    So the stab*« droplet als« 
is about 2.9 times creator (see Equation 51) than sugfaste* In Figur« 8, 
and tha value ▼—«/*etabla about 25 times smaller than eugpested la 
Figur« 8.     Uth this correction meaaurad and oalaulatadl spectrum» or« about 
identical. 

L 
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3. The pictures reproeented In ruure 12 show that up to pressures 
■ 20 ptl (l.U at), I.e., velooltiet of C • 19 ■/» uniform droplet — ■— _        mm  r"~   \*««» ■»«•/»   »•».,   .v*uu*t»*vs ui   w  -  »-j ^r ■  auisni arnpj 

• lies result and at pressures above       A    - 30 psl (2.25 *t),   i.#., 
velooltleo above C ■ 2k*5 w/e, a droplet Ipeotrua results.    Aooording to 
Equation■ 39 and 50, tho velocity which indloatoa tha llnlt between dl■integration 
into uniform dropleta and droplet epeetruaa (T—» • Vateble) *■ given byt 

vK - 1.I165 

I rA* (65) 

reaultlng la      VK   • 10.U m/a for tho above eaae.    Thia iadioatea that the 
Telocity at tho point «here the original (maximum) droplet dlalntegratea 
further la between 10»4   and     *p»jf   , i.e., between 55< «d U3< of tho 

T9^ 
exit Telocity from the not 
that the actual value of 21 

tie. 
em 

at means aeoordinr to Equatlona 50 and 39 
la between 0.55Z "»« 0.U32» «ewe* 

•  This ha• to be 
Tatable * 

between 30* and 16% of the theoretioal value of 
v«table 

taken into aooouat when ualng the exit relooity, c, by applying Figure 8 
inatead of uaing the actual relooity V, whioh in most oaaea will mot be 
known. 

h%      For the oonditlona prevailing during the teata with the atralght 
diaoharge noiale ae repreaented in Table 7, the oaloulated amtaaewfj droplet 
aiioa are lhffOjm ,  37I4O/U.   and 5930/*- for teat lo. 1, 2 and 3, by applying 
Equation hf>, i.e., the oaloulated valuee are I4.6, 8.1 and 7.3 times greater 
than the measured valuea.    It oould not be expeoted that for thia noiale 
type even approximately oorreot valuea oan be obtained by applying Squatloa 1*6 
aiaoe for thia noaile typw the disintegration probably la not caused by 
rotationally Symmetrie  diaturbancas, but rather by the singular  diatuibance 
effeoted by the defleotlon of the jet.    In order to oaleulate the wave 
length, i.e., the droplet also, for theae oonditlona, more information about 
the site and the leoatlon of the irregular dl stürben c«s should be available« 

V 
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a (-) 

C (kg/.) 

«4 (■) 

<W* (-) 

«J (»> 

«at (-) 

(a/aoo*) 

(kg/**) 

«*> 

(•to) 

(■/••o) 

rA (kg/**) 

3Ti (kg/U) 

I (kg aoo/m?) 

\ (-) 

t> 
J* (••o-l) 

APPBTDXX B 

Symbol» 

Badlua of the jot 

Capillary oonatant 

Droplot dlaaotor 

MmxLwnm droplot dlaaotor 

Jat dlaaotor 

Stablo droplot dlaaator 

örarity aonatant 

Praaauro 

Tompontiaro 

UM 

foloolty 

Diaaualonloaa ohaxooterlatio ymlua 

8poolflo wight of tho air 

Spaolflo oolght of tho liquid 

Dyiuuilo riaooaity 

War» loogth 

Chaxaotariatlo ralua for tha *«▼• length 

Charmotorlatlo vsluo for tho dialntogration time 
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Pig. 3 Disintegration of • liquid jet. 
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Fig. 9   Disintegrating droplet (aceording to pletura« aa publiahed 

by D.W.Lea end R.C.Spaneer   j_6j ) 
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